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1.0 INTRODUCTION

The development, fabrication, and test of three advanced development model
500-watt VHF power amplifiers to be used to increase the output of presently-
deployed RT-524 (VRC-12) VHF radios and future equipment such as the SINCGARS-V
equipment is documented in this report. The power amplifier, as defined in

US Army Communications-Electronics Command contract DAABO7-82-C-J231, is a
state-of-the-art stand-alone design utilizing a combination of the latest
design techniques in RF elements, control circuits, packag1ng techn1ques, and
amplifier architecture. ’fL - e

The initial amplifier module specifications and system design concepts for the
power amplifier are defined in this first quarterly technical report, which is
written in response to contract line item number 0004, data item sequence
number CO01 of the referenced contract. Also included in this report is a
description of the completed contract effort to date and a listing of expected
effort for the next reporting period.




2.0 AMPLIFIER SYSTEM ARCHITECTURE

The major initial effort in the design of the 500-watt power amplifier has
concentrated on developing a unified approach to acheiving the desired power
output while maximizing the efficiency of the amplifier and obtaining the
highest practical reliability. To accomplish this objective, the amplifier has
been partitioned into a number of significantly derated modules with a high
degree of operating redundancy. Further, particular emphasis has been given

to making certain that the amplifier operates at its specification limits under
all conditions without requiring significant operating margins to insure that
the requirements are met under environmental or operating extremes. This goal
ia acheived through the use of a detailed control and feedback design with a
microprocessor-based central controller to derate the amplifier operation as
allowed. Operating together, the distributed amplifier approach with redundant,
highly derated elements and the sophisticated control capability of the system
result in a dependable, reliable amplifier.

Extending the capability of the amplifier, the information generated by the
feedback control circuits to the processor used for power control purposes also
contains significant BITE potential. This data, when combined with a logical
internal test procedure, is capable of indicating external misapplication of
the amplifier or internal failures and both changing operating characteristics
to protect the unit while maintainng operation and signalling the condition to
the operator. Efforts have been made to maximize the value of the control data
generated within the amplifier for this purpose.

Finally, to maximize the application flexibility of the amplifier, each module
circuit is designed for maximum performance from the available components and
materials used. For example, the RF gain margins present in the power amplifier
permit operation to lower-than-specified input power levels. This feature is
incorporated in the design, permitting new, lower power equipment to drive

the amplifier to full output, saving both primary power in the driver
transmitter and reducing heat generated in the transmitter and dissipated in

the power amplifier.

The remainder of Section 2 of this report describes the amplifier module
partitioning, module interfaces, and module functions. Block diagrams and
modula electrical specifications define the capability and expected operation
of the amplifier. At this time, the design of the power amplifier is being
further refined and is settling toward its final specifications as the amplifier
technology elements are being pursued. Therefore, although specifications and
descriptions included in this report are tentative, the basic capabilities
described and design goals listed represent the current design, and little
change is anticipated in the design concept.
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2.1 VHF POWER AMPLIFIER

The VHF power amplifier is a rugged, reliable, efficient, high performance unit
capable of fully automatic push-to-talk operation with a variety of VHF driver
transmitters. Operator interface with the amplifier is limited to connecting
primary power and RF input and output cables, and turning the unit on. The
operator controis are limited to an output power selection switch which permits
selection of either the full 500-watt nominal output or a reduced 250-watt level
and a display control switch. The amplifier display may be selected from the
output forward power level, reflected power level, BITE code, or turned off.
Frequency control and keying interfaces are internally controlled based on the
RF drive signals applied.

The amplifier is composed of 17 major modules. Figure 2.1-1 is a block diagram
showing the amplifier functional partitioning. Basically, the RF input is
attenuated, then amplified by a variable gain driver amplifier and six paralleled
output amplifiers before being filtered, sampled, and routed to the RF output
connector. Support circuits include power supplies, RF power control loops,
status measuring and reporting circuits, and the system processor. These
gircgits keep track of amplifier operation and control the RF output power

evel,

The following section lists the basic amplifier functional specifications,
including inputs, outputs, and operator controls. This data represents data
contained in the controlling equipment specification, CENCOMS 31-88 dated

2 March 1981, although more detailed information concerning certain character-
istics such as output power versus operating conditions is provided.
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2.1.1 VHF POWER AMPLIFIER SPECIFICATIONS
The following specifications describe the 500-watt VHF power amplifier.
OPERATOR CONTROLS

POWER SWITCH
Turns on primary power to the unit. In off position, through
connection between RF INPUT and RF OUTPUT connectors is established.

DISPLAY CONTROL SWITCH
1. Off Blanks digital front-panel display.

2. Forward Power Displays RF forward power output in watts.
3. Reflected Power Displays RF reflected power output in watts.

4, BITE Displays BITE error code. Initial indication is
lighted decimal points in display.

POWER CONTROL SWITCH
1. 500 Watts Selects 500-watt nominal forward output power.

2. 250 Watts Selects 250-watt nominal forward output power.

OUTPUT DISPLAY
Three digit red LED hexadecimal display.
Power display - Indicates selected power level in watts with
3% accuracy at 50-watts or above.
BITE display - Three digit code indicating error source.
Codes to be determined.

CIRCUIT BREAKER RESET
. Press extended control shaft to reset.

RF INPUT
1. Frequency Range 30 - 88 MHz
2. Input Power 3 to 100 Watts
3. Input Impedance 50 ohms nominal
Input power over 15 watts 1.5:1 max VSWR
Input power under 15 watts 2.0:1 max VSWR
4., Duty Cycle 50 percent - 1 minute on, 1 off
5. Insertion Loss - Bypass Mode
Power Off Typical 0.2 dB
Maximum 0.3 d8
Power On Typical 0.4 dB
Maximum 0.7 dB
6. Input Connector Type "N"

5




RF OUTPUT

1. Power Level - Normal Conditions Min Typ Max Units
500-watt Mode 500 512 535 Watts
250-watt Mode 225 250 280 Watts

2. Power Level - Stress Conditions
Output power is reduced in response to operating conditions as listed

below.
Load VSWR See Figure 2.1-2 (dB)
See Figure 2.1-3 (Watts)
Primary Input Voltage See Figure 2.1-4 (dB)
See Figure 2.1-5 (Watts)
Temperature 1 dB reduction at initial overheat indication.

Power continues to reduce if temperature does
not decrease.

A11 power reductions are additive. Load VSWR reduction is automatic

for the loop control mode as shown in the Figure, and driven by the
processor with a short delay to meet the processor control limits.

3. Electromagnetic Compatibility MIL-STD-461A, Notice 4, Tailored
See Figures 2.1-6 and 2.1-7.

4. Qutput Connector Type "N"
PRIMARY POWER INPUT
1. Voltage 22 - 32 Volts, 27.5 Volts Nominal
Per MIL-STD-1275A (See Appendix A.3)
2. Current 65 Amps Nominal, 80 Amps Maximum
3. Source Impedance Resistive 0.1 ohms maximum
Inductive 100 uH maximum
4. Input Connector MS90558N44N03P
5. Power Cable
Length 12 feet
Wire Size 2 AWG
Number of Conductors 2
_._Terminal Connector FSN 5935-856-8426
6. Safety Ground 1/4 - 28 stud provided for connection.

Safety ground must be connected to apply power.
Primary source is isolated from case except for
2 mA sense current.
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MECHANICAL SPECIFICATIONS
d 1. Temperature -51 C to 52 C Operating
| W -56 C to 71 C Storage
; 2. Humidity MIL-STD-810 Method 507.1
: 3. Immersion MIL-STD-810 Method 512.1
' - 4. Vibration MIL-STD-810  Method 514.2
' 5. Shock MIL-STD-810 Method 516.2
6. Explosive Atmosphere MIL-STD-810 Method 511.1
7- Siﬁgiég:Ches) 7.625
Width 21.625
Depth 13.375
: ;; 8. Weight 75 pounds maximum
9. Cooling Convection
|
1 0
:
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2.2 POWER AMPLIFIER SUBASSEMBLY (CHASSIS) (Al)

In addition to providin? a housing and heatsinking for the internal amplifier
modules, the power amplifier chassis contains the electrical interconnect
motherboard and RF cabling as well as the primary power input circuit and

EMI filter.

The DC primary input voltage is first passed through a 150-amp circuit breaker
to protect the vehicle power supply from amplifier failures. A low power, high
voltage spike supressor next clips any high amplitude spikes from the vehicle
supply. The input current is then switched by a power contactor, then again
limited by a high power, low voltage surge supressor. Finally, an EMI filter
provides filtering to internal power supply switching transients and signals

to meet the requirements of MIL-STD-461B (See Appendix A.2).

The power contactor is controlled by the front panel switch and includes a
circuit to insure that the chassis is connected to the input return line (as

it normally is in vehicular installations). This circuit passes a small bias
current through the safety ground to enable a pass transistor in the power
contactor coil circuit. The input primary lines are otherwise totally isolated
from the case in this and all other modules. This scheme provides both

reverse polarity protection and operator safety under all combinations of
possible fault conditions.

The input circuits are mounted within a closed cavity in the cast chassis front
panel area. The EMI filter is mounted to the same casting wall to preserve
EMI integrity.

The following section lists electrical parameters for the chassis circuitry.
Figure 2.2-1 shows the power input circuit configuration.
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2.2.1 CHASSIS ELECTRICAL REQUIREMENTS

B Bl et it Mgl MEnse. Smee Sant 4 - Sadiiaie e ad

The following specifications describe the power amplifier chassis electrical

parameters.

POWER INPUT CIRCUITS
1. Circuit Breaker

2. Spike Supression (Bipolar)

3. Surge Supression

4, Power Contactor

5. Power Control

6. Safety Ground Sense Curent

7. EMI Filter
DC Power Dissipation
Filtering Limit

RF CABLING

150 Amps

105 Volts

34.5 Volts Nominal
MIL-STD-1275A compatible
(See Appendix A.3)

SPST 200-Amp Contacts

Front panel switch with reverse polarity
protection to inhibit relay operation.

2 mA maximum

10 Watts maximum
=120 dB at 200 kHz

Interconnections to be made with minimum length cables.
At power levels below 150 watts, use RG-402 cable and SMA or equal connectors.
At power levels above 150 watts, use RG-401 cable and TNC connectors.

RF output amplifier modules (Al2-Al7) are connected witnh staggered-length
N cables with input cable lengths staggered in 6-inch minimum increments. The
iii sum of input and output cable lengths zre equivalent for all modules.

14
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2.3 BITE/MONITOR (A2)

The BITE/monitor assembly is a microprocessor-based controller that performs

all logic interface and module control functions to operate the power amplifier.

In addition, the limited operator interfaces such as power level control,
display selection, and display output are performed in this module.

The power amplifier system architecture has been set up such that the control
and BITE information generated within the modules is transmitted via a common
data communications bus. Individual modules in the amplifier are interrogated
as required by first enabling the appropriate receiver or transmitter, then
exchanging data over a common data bus. In essence, the amplifier modules
become an extension of the microprocessor architecture. Therefore, the system
controller contains address decoding circuits to enable the amplifier modules
and a bus transceiver set for data exchange. The single data input not
included in the bus system is the RF input detector signalling line. This
input is used as a processor interrupt because of timing considerations when
fast key response times are required, such as in frequency hopping systems.

To sample the major analog signals throughout the amplifier, a processor-
driven analog-to-digital (A/D) converter is impiemented. The significant data
that needs critical processing is compared to fixed references in the
corresponding module and signalled to the processor as a digital transition.
However, data that is useful for BITE purposes or that can be updated at a
relatively low rate is transferred on the analog conversion bus. This
system uses a processor-mounted digital-to-analog converter and a lTow
impedance analog reference is routed to all appropriate modules. On-card
comparators signal the comparison to the analog output digitally to the
processor to complete the conversion. This technique reduces the system
complexity by eliminating a number of A/D converters and also improves

noise immunity by eliminating a maze of small signals to be routed through
the power amplifier.

Finally, the clock generator for the various system timing requirements is
housed on the processor module. A 16 MHz master oscillator is the clock from
which the processor clock, the phase-staggered power supply converters, and the
input RF frequency counter signals are derived.

Figure 2.3-1 is a block diagram of the system BITE/monitor module. Major
electrical requirements for this module are contained in the next section.
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2.3.1 SYSTEM CONTROLLER SPECIFICATIONS

. TR

Electrical specifications for the system BITE/monitor module are listed in

this section.

OPERATOR INPUT/QUTPUT
DISPLAY CONTROL SWITCH
1, Off - Blanks digital front-panel display.
2. Forward Power - Displays RF forward power output in watts.

3. Reflected Power - Displays RF reflected power output in watts.

4, BITE - Displays BITE error code. Initial indication is
lighted decimal points in display.

POWER CONTROL SWITCH
1. 500 Watts Selects 500-watt nominal forward output power.
2. 250 Watts Selects 250-watt nominal forward output power.

OUTPUT DISPLAY
Three digit red LED hexadecimal display.
Power display - Indicates selected power level in watts with
3% accuracy at 50-watts or above.
BITE display - Three digit code indicating error source.
Codes to be determined.

MINIMUM TYPICAL  MAXIMUM

CONTROL /DATA INPUTS/QUTPUTS
1. Analog Reference (Input Voltage Measurement)

Voltage 0 5
Load Impedance 4 7
5000
2. Source Select Decoding (Enables BITE/Control Sources)
Level TTL Compatible
Load 6
Sense Logic 1 = High Impedance

Logic 0 = Signal Path Enabled
3. Data Transmission Path - Transmit Mode
Level TTL Compatible
Load 6
Sense Defined By Selected Module
4, Data Transmission Path - Receive Mode
Level TTL Compatible
Load 6
Sense Defined By Selected Module
5. RF Input Detector Input - Signals Drive Presence
Level TTL Compatible
Load 6
Sense Logic 1 = No Signal Applied

Logic O
17
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MINIMUM TYPICAL  MAXIMUM UNITS

FREQUENCY GENERATORS
1. Master Oscillator

:‘ Frequency 16.0 MHz
o Temperature Drift/Accuracy 100 PPM
Pg Duty Cycle 50 Percent
- Level TTL Compatible
i Load 5 LS TTL
P 2. Individual Converter Sync
= Frequency 180 200 220 kHz
Duty Cycle (Inverted Logic) 9 10 11 Percent
Level TTL Compatible
Load 2 LS TTL
3. Overall Converter Sync
Phase Stagger 45 Degrees
4. Processor Clock
Frequency 5.0 5.33 6.0 MHz
Duty Cycle 50 Percent
Level TTL Compatible
Load 5 LS TTL
5. Frequency Counter
Frequency 0.999 1.000 1.001 MHz
Duty Cycle 50 Percent
Level TTL Compatible
Load 5 LS TTL

PROCESSOR BITE
Automatic self-test to be performed at power application and signalled by
lighting all display segments. Display should be blanked during test.

DC POWER SUPPLY INPUTS
1. Logic Supply

Voltage 4.75 5.0 5.25 Volts

Current 2.5 3.0 Amps
2. 15-Volt Control Supply

Voltage 14 15 16 Volts

Current 20 25 mAmps
3. -15-Vo1t Control Supply

Voltage -16 -15 -14 Volts

Current 20 25 mAmps

18
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2.4 COAX RELAY/RF BYPASS (A3)

The coax relay/RF bypass module is an electromechanical RF relay bypass of the
power amplifier to provide an interconnection between the driving transmitter
and the output antenna when the power amplifier is unpowered or if a system
failure prevents normal operation. The module includes an RF input coaxial
relay, high power vacuum RF output relay, a bypass line RF detector, and a
relay driver circuit.

The input relay is a sealed SPDT relay with coaxial terminations capable of
switching up to 70 watts RF "hot" and 200 watts "cold". Because of the power
level and equipment explosion requirements, a vacuum relay is used in the RF
output line. A simple resistively-tapped diode detector is installed in the
bypass line to signal the presence of an RF drive signal so that the relays can
be commanded to switch only when drive is not applied. An integral drive
circuit interfaces the relay coil drive current to a low level control signal.

The bypass module is assembled on a bracket and mounted to the front panel at
the RF input and output connectors.

Electrical specifications for the bypass module are listed in the following
section. Figure 2.4-1 is a block diagram of the module.

19
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2.4.1 COAX RELAY/RF BYPASS REQUIREMENTS

The following specifications apply to the coax relay/RF bypass module.

RF SPECIFICATIONS

RF INPUT PORT
Power Level

Insertion Loss
To RF Amp Input
To RF Output

Isolation
To RF Amp Input
To RF Qutput

RF OUTPUT PORT
Power Level

Insertion Loss
To RF Amp Qutput
To RF Input

Isolation
To RF Amp Output
To RF Input

CONTROL SPECIFICATIONS

DC SUPPLY INPUT
Voltage
Current

CONTROL INPUT
Logic O

MODE

Al

Enable
Bypass

Bypass
Enable

AN

Enable
Bypass

Bypass
Enable

Bypass

Sink Current V=1 volt max.

Logic 1

Enable

Internal 3.3k ohm pull-up to

DETECTOR OQUTPUT
RF Sense Level
Output Voltage

MINIMUM TYPICAL  MAXIMUM

0 40 100
0.05 0
0.12 0
40 50
65 80
550 600
0.07 0
0.12 0
25 30
65 80
26 28 30
100 120
8 10
28 VDC
1
1 5
21
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2.5 POWER INPUT ASSEMBLY (A4)

The power input assembly is a front-panel-mounted circuit that is the initial
interface to the amplifier primary power source. The assembly contains only
three major parts: the input power connector, the power control switch, and
the input 150 amp circuit breaker. The components in this module connect to
the power relay, transient protectors, and EMI filter of the chassis.

The power input assembly exists as a packaging convenience and has no particular
specifications.

22
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o - 2.6 POWER SUPPLY - CONTROL CIRCUIT (AS5)
! . The control circuit power supply generates all necessary voltages for operation
of the various control, monitor, BITE, and primary power supply control circuits.

S The power supply is a switching regulator operated from the vehicular supply
(See Appendix A.3) and is synchronized to a master clock to minimize conducted
Do emissions. The supply configuration is similar to the other amplifier supplies
S (A10 and Al12-A17) except that multiple secondaries are used to generate the
i needed voltages. In addition, a separate low power switching supply operates
- from the primary source with a totally isolated secondary to power the control
SEES circuit supply pulse width modulator and support circuits and maintain isolation
- between the high current primary source and the chassis.

;f f' The voltages from the supply are used for various purposes throughout the power

. - amplifier. However, each voltage has a use that narrows the range and tolerance
!I of the output and simplifies the design of the supply. For example, the highest

current output of the supply is from the 5-volt source that is used to power
the logic and control circuits in the amplifier. Because of the power levels
present, this supply is tightly regulated and routed directly to the loads
throughout the amplifier. A 150-volt and -5-volt supply is used to bias the
PIN diodes in the various RF switches in the amplifier. Absolute voltage
tolerance is not important for this use; however, ripple and noise must be
kept low to avoid generating spurious signals transferred to the RF circuits
and RF output. A dual +/- 15-volt supply is required for operational
amplifiers, comparators, and similar analog circuits. To reduce noise and
regulation requirements, and since the output power from this source is low,
local regulation of this source to +/- 12 volts at the load is used in the
amplifier modules. A 28-volt unregulated output from the supply is used to
operate the mechanical bypass relays. Finally, a +12 to +15-volt supply powers
the control circuits of the remaining power supply regulator modules.

Because the processor and control circuits operate from the control circuit
power supply, this module is a critical element in the amplifier system and
reliability is extremely important. Further, automatic BITE of this module is
not possible because failures will result in shut-down of the BITE circuits.
The use of this supply to operate the remaining RF module power supplies also
insures that damage will be minimized in the event of a failure since all
supplies will shut down in the event of a major failure of this module.

One control output generated in the control circuit power supply is the
measurement of the primary power source DC level and ripple voltage. This
information is signalled to the system controller through comparison to a
external reference voltage and is used to reduce the RF output power when
the input voltage falls below nominal Timits.

The control circuit power supply is mounted within the amplifier case and is
heatsinked to the case top cover to remove heat generated within the supply.

Figure 2.6-1 is a block diagram of the power supply and Table 2.6-1 contains

a listing of the supply loads and locations. The following section lists
electrical specifications for the module.

23
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MODULE +5 -5 +150 +15
A2 3000 25
A3
A6 270 1500 1 75
A7 270 1500 1 75
Al0
Al12-Al17

TOTALS 3470 3000 2 150
POWER (W) 17.35 15 0.3 2.25
NOTE: A1l currents listed in milliamps.

'''''''''''
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Table 2.6-1 Control Circuit Power Supply Load Currents

Supply Voltage (V)

-15 +12 +28

25
120
75
75
150
150 x6

150 1050 120
2.25 12.6 3.4

TOTAL POWER (W) = 53.2

25
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2.6.1 CONTROL CIRCUIT POWER SUPPLY REQUIREMENTS

The following specifications describe the control circuit power supply.

CONF IGURATION Switching, coupled-inductor, current-driven
buck converter.
SWITCHING FREQUENCY 100 kHz

MINIMUM TYPICAL  MAXIMUM UNITS

DC OUTPUTS
1. Logic Supply
DC Voltage 4.75 5.0 5.25 Volts
Ripple Voltage 0.1 Volts
DC Current 3.5 Amps
2. PIN Diode Forward Bias Source
DC Voltage -6 -5 -4 Volts
Ripple Voltage 20 mVolts
DC Current 3.0 Amps
3. PIN Diode Reverse Bias Source
DC Voltage 130 150 170 Volts
Ripple Voltage 2 5 mVolts
DC Current 2 mAmps
4, Control Circuit Positive Source
DC Voltage 14 15 16 Volts
Ripple Voltage 50 mVolts
OC Current 150 mAmps
5. Control Circuit Negative Source
DC Voltage -16 -15 -14 Volts
Ripple Voltage 50 mVolts
DC Current 150 mAmps
6. Power Supply Controller Source
DC Voltage 8 12 15 Volts
Ripple Voltage 100 mVolts
DC Current 1.05 Amps
7. Bypass Relay Source
DC Voltage 24 28 32 Volts
Ripple Voltage 200 mVolts
DC Current 120 mAmps

26
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DC INPUTS 1
1. Primary Power Source

& Differential DC Voltage 21.5 27.0 32 Volts
| Ripple Voltage (50 Hz-200 kHz) 14 Volts
pk -pk
DC Input Current 3.9 Amps
Supply Efficiency 65 70 Percent
- 1 Input voltage per MIL-STD-1275A (See Appendix A.3).
- Voltage at supply processed by input circuits and EMI filter (A4 and
T ALFL1).

Input DC circuit to be totally DC isolated from case ground.

CONTROL INPUTS
1. Clock (Converter Sync)

Frequency 180 200 220 kHz
Duty Cycle 9 10 11 Percent
Level TTL Compatible
Load 2 LS TTL
- 2. Analog Reference (Input Voltage Measurement)
i Voltage 0 5 Volts
Load Impedance 20 33 kohms
1000 pF
3. Output Select (Enables BITE Outputs)
- Level TTL Compatible
n Load 2 LS TTL
: Sense Logic 1 = High Impedance

Logic 0 = BITE Outputs Enabled
4. Supply Reset (Permits Recovery Attempt From Auto-Shutdown)
, Level TTL Compatible
8 Load 2 LS TTL
S Sense Logic 1 = Normal

Logic 0 = Reset

BITE ouTPUTS!
1. DC Input Voltage (Signal Comparison To Analog Reference)

Input Attenuation Factor 6

- Signal Threshold 0.0 Volts
OQutput Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Voltage Below Reference

Logic 0 = Voltage Exceeds Reference

2. AC Input Voltage (Signal Comparison Peak Voltage To Analog Reference)
Input Attenuation Factor 4

Signal Threshold 0.0 Volts
Output Level TTL Compatible
3 OQutput Load 4 LS TTL
: Sense Logic 1 = Voltage Below Reference

Logic 0 = Voltage Exceeds Reference

1 Outputs are Tri-State TTL and are enabled by OUTPUT SELECT line.
A11 outputs are high impedance unless selected.
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2.7 FILTER/DIRECTIONAL COUPLER (A6)

The Tow pass filter and directional coupler module contains the final RF output
bandpass shaping and power control circuits for the power amplifier. The
combined output of the six RF power amplifiers is first passed through the
switched low pass filter set to remove harmonic signals generated during the
amplification process. Because the frequency band is over one octave, two

low pass filters are used, with the proper filter selected by the control
processor based on the input frequency counter output. An RF directional
coupler follows the filter assembly to sample the output forward and reflected
power components. The sampled power signals are detected, and a high gain
power control loop and power reference generator in this module create the
feedback control signal to the variable attenuator in the driver amplifier to
control the output power level.

The lowpass filter and switch assembly includes two purchased filters: one
for operation with 30-52 MHz fundamental signals and the other for the

52-88 MHz band. The input switch routes the amplifier output through either
filter, while the output switch selects either a filter output or the amplifier
bypass path from the RF input processor. High power series-shunt PIN diode
switches select the proper RF path, and interface circuits create the proper
bias levels from TTL compatible command inputs. To speed the switching
transition times, direct pull-up or pull-down circuits to the bias supplies
sequenced by a control circuit to avoid simultaneous conduction are used.
Figure 2.7-1 is a block diagram of this circuit and Section 2.7.1 contains
the electrical specifications.

The output coupler is implemented as a stripline backward-wave coupled line
assembly with capacitively-compensated outputs to obtain a leveled output
response. The circuit is built on a low loss controlled dielectric substrate
and sized to obtain the desired coupling factor and to handle the power levels
required. Section 2.7.2 contains specifications for the coupler.

Finally, the control and protect circuits consist of a number of wide bandwidth
amplifiers to generate error signals for power correction and various circuits
for status feedback and BITE generation to the system controllier. Section 2.7.3
contains the electrical specifications for this portion of the output module,
and Figure 2.7-4 is a block diagram of the directional coupler and the control
circuits.
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2.7.1 LOW PASS FILTER SUBASSEMBLY

The following specifications describe the low pass filter subassembly.

MINIMUM TYPICAL  MAXIMUM UNITS

RF SPECIFICATIONS
30 - 88 MHz except as noted

LOW BAND FILTER (See Figure 2.7-2)
HIGH BAND FILTER (See Figure 2.7-3)
FILTER INPUT SWITCH

Switch Type SPDT
Input Power 650 750 Watts
Insertion Loss - To either output 0.1 0.15 dB
[solation - To disabled path 30 35 dB
FILTER OUTPUT SWITCH
Switch Type SP3T
Input Power
Filter Ports 600 650 Watts
Bypass Ports 40 100 Watts
Insertion Loss - All paths 0.1 0.15 dB
- Isolation - To both disabled ports 30 35 dB

o ASSEMBLED UNIT

- Input Return Loss - Over band

- of selected filter 14 20 dB
‘;; Insertion Loss - Over band of

e selected filter 0.52 0.6 ds
b - 2nd Harmonic 50 d8
o - 3rd Harmonic 50 dB
- - 4th Harmonic 60 ds
[ - To 3 GHz 60 dB
s

o
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CONTROL INPUTS
1. Filter Select
Level
Load
Sense

2. Amplifier Bypass
Level
Load
Sense

MINIMUM

Logic 1
Logic O

Logic 1
Logic O

3. Output Select (Enables BITE Outputs)

Level
Load
Sense

BITE OUTPUTS!

Logic 1
Logic 0

1. Low Band Filter Selected (Status of series

Protect Threshold
Qutput Level
Qutput Load

Sense

Logic 1
Logic O

TYPICAL  MAXIMUM UNITS

TTL Compatible

2 LS TTL
30-52 MHz Filter
52-88 MHz Filter

TTL Compatible

2 LS TTL
Amplifier Bypass Enabled
Power Amplifier Connected

TTL Compatible

2 LS TTL
High Impedance
BITE Outputs Enabled

diode bias)
Normal Forward Bias
TTL Compatible
4 LS TTL
= Normal
= Fajlure

2. High Band Filter Selected (Status of series diode bias)

Protect Threshold
Output Level
OQutput Load

Sense

Logic 1
Logic 0

Normal Forward Bias
TTL Compatible
LS TTL
Normal
Failure

3. Bypass Selected (Status of series diode bias)

Signal Threshold
Output Level
OQutput Load
Sense

4, High Voltage Present
Signal Threshold
Output Level
Qutput Load
Sense

Ltogic 1
Logic O

100

Logic 1
Logic O

Normal Forward Bias
TTL Compatible
LS TTL
= Normal
= Failure

120 Volts
TTL Compatible
4 LS TTL

= Normal
= Failure

1 Outputs are Tri-State TTL and are enabled by OUTPUT SELECT line.
A1l outputs are high impedance unless selected.
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DC POWER SUPPLY INPUTS
1. Logic Supply

2. PIN Diode Forward Bias

3. PIN Diode Reverse Bias Source

UNITS

Volts
mAmps

Volts
Amps

Volts
mAmps




2.7.2 DIRECTIONAL COUPLER SUBASSEMBLY

The following specifications apply to the directional coupler subassembly.

RF SPECIFICATIONS
30 - 88 MHz except as noted

INSERTION LOSS - THROUGH LINE
THROUGH LINE IMPEDANCE
COUPLED LINE IMPEDANCE
COUPLING FACTOR
Forward Power
Reflected Power
DIRECTIVITY
Forward Line
Reflected Line
RF POWER LEVEL
Forward
Reflected - Continuous
Reflected - 1 Second

COUPLED PORT LOAD

MINIMUM

TYPICAL

0.1
50
50

33
33

30
30

570

MAXTMUM

0.15

600
150
600

Adjustable shunt capacitor and full-wave detector (See 2.7.3)

DT TG S Y B W G T . ) G PR R T DNy PNy Y
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UNITS

ds

Ohms

Ohms

ds
dB

dB
dB

Watts
Watts
Watts




2.7.3 CONTROL/PROTECT CIRCUIT SUBASSEMBLY

The following specifications define the control and protect circuits.

MINIMUM TYPICAL  MAXIMUM

RF INPUTS (Directional Coupler Sample)

1. Forward Power Sample 0.25 0.38
2. Reflected Power Sample 0.38
3. Source Impedance 50

DETECTOR

Full-wave rectifier with matching temperature compensation output
on each RF input. Negative output voltage with applied power.

1. DC Qutput Voltage Range

(Differential) -5 1
2. Compensation Voltage
(Room Temperature) 0.25
3. Coupler/Detector Adjustment -1.190 -1.200 -1.210

Set 1 capacitor and 1 variable resistor to specified value at
50 watts forward power at 30 and 88 MHz.

4. Detector Load Impedance 1.8
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UNITS

Watts
Watts
Ohms

Volts

Volts
Volts

kOhms




s MINIMM  TYPICAL MAXIMUM  UNITS

AMPLIFIER CONTROL LOOP
1. Feedback Inputs

Forward Voltage (Ef) -5 1 Volts
Forward Voltage Temperature

Compensation (Efc) 0.25 Volts
Reflected Voltage (Er) -5 1 Volts
Reflected Voltage Temperature

Compensation (Erc) 0.25 Volts
Load Impedance (A1l inputs) 1.8 k Ohms

2. Control Equation -((Ef)-(Efc)) - 0.2 ((Er)-(Erc)) = Reference Voltage

3. Reference Generator
DC Reference (Adjustable) 0 5 Volts

Frequency Multiplier: 0-1 multiplying factor to DC reference
8-bit latched binary input
TTL compatible input - 2 LSTTL loads max.

Power Control Multiplier: O0-1 multiplying factor to DC reference
8-bit latched binary input
TTL compatible input - 2 LSTTL loads max.

Reference Risetime 100 us
4. Control Output
Load Impedance 2 kohms
100 pF
Range -10 10 Volts
5. Control Loop Dynamics
DC Gain 50 60 70 dB
Gain at 25 kHz 30 d8
Unity Gain Frequency 1 MHz
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MINIMUM TYPICAL  MAXIMUM UNITS

CONTROL SIGNAL OUTPUTS
1. Forward Power

Buffer Amplifier - Inverts detector output and compensation

Peak Detecting Sampie and Hold - Sample forward detector voltage

Enable Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Hold Mode
Logic 0 = Sample Mode
- Output Comparator - Compare S/H output to analog reference
T Level TTL Compatible
-2 Load 2 LS TTL
[‘ Sense Logic 1 = Voltage Exceeds Reference

Logic 0 = Voltage Less Than Reference

. 2. Reflected Power
3 - Buffer Amplifier - Inverts detector output and compensation

Peak Detecting Sample and Hold - Sample reflected detector voltage

Enable Level TTL Compatible

Load 2 LS TTL
Sense Logic 1 = Hold Mode

Logic 0 = Sample Mode
Output Comparator - Compare S/H output to analog reference

Level TTL Compatible

Load 2 LS TTL
Sense Logic 1 = Voltage Less Than Reference

Logic O = Voltage Exceeds Reference
3. High VSWR (Signals VSWR greater than 3.0:1)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = VSWR Less Than 3.0:1

Logic 0 = VSWR Exceeds 3.0:1
4. Overpower (Signals output forward power greater than 575 watts)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal
Logic 0 = Qutput Exceeds 575 Watts

]
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MINIMUM TYPICAL  MAXIMUM UNITS

) CONTROL SIGNAL INPUTS

t‘ l' 1. Power Control Select Lines (2)

A Input 1 Frequency Control Word - Enables input latch to receive
: 8 bit power correction factor versus frequency.

3

Level TTL Compatible
Load : 2 LS TTL
Sense Logic 1 = Normal
a Logic 0 = Enable Latch
Input 2 Power Control Multiplier - Enables input latch to receive
8 bit correction factor for amplifier protection.
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal
Logic 0 = Enable Latch
2. Power Sample Command - Enables forward and reflected S/H circuits
N Level TTL Compatible
- Load 2 LS TTL
§ & Sense Logic 1 = Hold
Logic 0 = Sample
CO 3. Analog Reference Voltage
o Voltage 0 5 Volts
- Load Impedance 20 33 kohms
’ 1000 pF
4. BITE/Control Signal Output Enable - Enables output signals
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal
1 L.gic 0 = Enable
I @ BITE OUTPUTS
o 1. Loop Reference
(Signal Comparison Of Loop Reference Voltage To Analog Reference)
Signal Threshold . Volts
SIS Output Level TTL Compatible
- Output Load 4 LS TTL
- Sense Logic 1 = Voltage Below Reference
- Logic 0 = Voltage Exceeds Reference
2. Loop Output
T (Signal Comparison Of Loop Output Voltage To Analog Reference)
- Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Voltage Below Reference
Logic 0 = Voltage Exceeds Reference
. 1 OQutputs are Tri-State TTL and are enabled by output select line.
- A1l outputs are high impedance unless selected.
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DC POWER SUPPLY INPUTS
1. Logic Supply
Voltage
Current

Voltage
Current

Voltage
Current

3 P PP Wy YO . o

e ana e )

2. 15-Volt Control Supply

3. -15-Volt Control Supply

Bt e S

MINIMUM

4.75

14

-16

40
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TYPICAL  MAXIMUM

5.0
100

15
50

-15
50

5.25
150

16
75

-14
75

UNITS

Volts
mAmps

Volts
mAmps

Volts
mAmps
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2.8 RF INPUT PROCESSOR (A7)

After passing through the RF fail-safe mechanical relay assembly (A3), the RF
input processor performs the initial modification of the characteristics of the
input signal. The primary function of this module is to attenuate the wide-
ranging input signal level to sub-bands at a maximum level compatible with the
RF drive amplifier (All) and to detect and count the frequency of the RF drive
signal.

The driver signal is first passed through an electronic PIN diode switch
assembly where it is routed to one of four paths, either the RF bypass to the
amplifier output or to one of the three attenuator sections. A sample of the
output signal is also routed through an attenuator and buffer amplifier to a
frequency counter and level detector. The selected attenuator output is
finally routed through an output switch and connected to the variable gain
driver amplifier.

The input processor primarily functions to limit the drive level to the
driver RF amplifier. Although the driver amplifier can withstand the highest
expected input level, the full dynamic range of the system cannot be obtained
with the amplifier attenuator alone. The input processor switches one of two
fixed attenuators or, at low drive levels, a through connection into the input
RF path according to the drive level present. The selected attenuator is
normally the highest attenuation, but is reduced to a lower level by the
processor if the full output is not acheived after a short time delay. After
switching to a lower level, that level is maintained as long as power is
applied unless the input suddenly increases. A hardware reset increases
attenuation when drive levels increase beyond the desired level. Control
signals feed back the selected attenuation in addition to the frequency and
input level to the power amplifier system control processor.

The input processor is mounted inside the power amplifier case in an inclosed
plug-in module. Because of the power dissipation with high driver power
levels, a substantial heat sink is used to move the heat to the case heat
exchanger.

Electrical specifications for the input processor are contained in the following
section and Figure 2.8-1 contains a functional block diagram of the module.
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2.8.1 RF INPUT PROCESSOR SPECIFICATIONS

Electrical specifications describing the function of the RF input processor
module are listed in this section.

MINIMUM TYPICAL  MAXIMUM UNITS

RF INPUT
1. Power Level 3.0 40 100 Watts
2. Input Impedance 50 Ohms

3. Input VSWR

Input over 15 watts 1.5
Input under 15 watts 1.5 2.0
RF OUTPUT POWER 2.8 12 Watts
FREQUENCY COUNTER
1. Input Sensitivity 27 30 dBm
2. Resolution 1 MHz
3. Clock Input 1 MHz
4, Update Period 2 uSec
5. Counter Signal Isolation
to RF Input 60 ds
6. Output 8 bit Binary Word

TTL Compatible
RF INPUT DETECTOR

1. Detector Threshold 23 26 dBm
2. Signal Qutput
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = No Signal Applied
Logic 0 = RF Input Present
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MINIMUM TYPICAL  MAXIMUM UNITS
RF ATTENUATOR

1. Attenuation Levels 0 dB
5 ds
9 ds
2. Attenuator Switch PIN Diode Configuration
Insertion Loss/Section 0.1 0.15 ds
Switching Time 25 uSec
3. Input Bypass
Insertion Loss 0.1 0.15 ds
Off Isolation 25 30 ds
CONTROL INPUTS
1. Attenuator Select - Determines selected input attenuator
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = No Change
Logic 0 = Reduce Attenuation 1 Step
2. Bypass Select
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Amplifier Connected

Logic 0 = Bypass

3. Input Enable - Enables input transceiver for control commands

Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal
Logic 0 = Input enabled
4. Counter Qutput Select
Level TTL Compatible
Load 2 LS TIL
Sense Logic 1 = High impedance output

Logic 0 = Qutput frequency word
5. BITE Output Select
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = High impedance output

Logic 0 = Qutput BITE status

6. Analog Reference Voltage

Voltage 0 5 Volts
Load Impedance 20 33 kohms
1000 pF
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CONTROL/BITE OUTPUTS

1. Amplifier Bypass Selected

. Attenuator

Level
Load
Sense

0 dB

Attenuator
Level
Load
Sense

5 dB
Level
Load
Sense

Attenuator 9 dB
Level
Load

Sense

150-Vol1t Supply
Level
Load
Sense

. =5-Volt Supply

Level
Load
Sense

. =12-Volt Supply

Level
Load
Sense

RF Input Level (Comparison Of Detected Input To Analog Reference)
Signal Threshold 0.0

Level
Load
Sense

MINIMUM

Logic 1
Logic 0

Logic 1
Logic 0

Logic 1
Logic 0

Logic 1
Logic 0

Logic 1
Logic 0

Logic 1
Logic O

Logic 1
Logic 0

Logic 1
Logic O
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TYPICAL

TTL Compatible

6
False
Bypass Active

TTL Compatible

6
False
0 dB Active

TTL Compatible

6
False
5 dB Active

TTL Compatible
= False

= 9 dB Active
TTL Compatible

Normal
Failure

TTL Compatible

Normal
Failure

TTL Compatible

6
Normal
Failure

TTL Compatible
6

MAXTMUM

UNITS

LS TTL

LS TTL

LS TTL

LS TTL

LS TTL

LS TTL

LS TTL

Volts
LS TTL

Voltage Below Reference
Voltage Exceeds Reference
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MINIMUM TYPICAL  MAXIMUM UNITS

DC POWER SUPPLY INPUTS
1. Logic Supply
Voltage 4.75 5.0 5.25 Volts
Current 150 200 mAmps

2. PIN Diode Forward Bias

Voltage -6 -5 -4 Volts

Current 1.2 1.5 Amps
3. PIN Diode Reverse Bias Source

Voltage 130 150 170 Volts

Current 0.5 1 mAmps
4, 15-Vol1t Control Supply

Voltage 14 15 16 Volts

Current 20 50 mAmps
5. -15-Volt Control Supply

Voltage -16 -15 -14 Volts

Current , 20 50 mAmps
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2.9 SPLITTER - SIX-WAY (A8)

The six-way RF power splitter is a passive device that divides the output of
the RF driver amplifier into six equal parts to uniformly drive the six
paralleled RF output amplifiers. The splitter is matched to the combiner (A9)
such that the driver amplifier power is split and summed in amplitude and
phase to minimize RF losses. In addition, isolation between output ports is
required to minimize interaction between amplifiers (to avoid potential
feedback conditions) and to reduce the input VSWR in the event of an output
RF amplifier failure. Balance between outputs insures equal sharing of the
output load between amplifiers.

The power splitter consists of an impedance transformation circuit and a power
splitter that essentially divides the output of the low impedance common
summing node to the six 50-ohm output ports while maintaining a good input
impedance match. Ballast resistors provide output isolation in the event of an
output amplifier failure by effectively replacing a portion of the failed
output load. In normal operation, the voltage at all outputs is identical,
resulting in no loss in the resistors. Low loss ferrites are used in the
transformer and divider to minimize shunting currents in the transmission line
shields and insure proper voltage division.

Since the power splitter contains no active circuits, no explicit BITE circuits
are included. A failure in this module will be identified as no output from
any of the six output amplifiers when the driver amplifier is active or as no
output from a known-good single output amplifier. Both conditions should be
jdentifiable from a visual inspection as a failed connection.

The key design objectives for this module are low insertion loss and uniform
power division.

Electrical specifications for the power splitter are listed in the following
section. Figure 2.9-1 is a block diagram of the six-way splitter.
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2.9.1 POWER SPLITTER DESIGN REQUIREMENTS

FREQUENCY RANGE
NUMBER OF OUTPUT PORTS

INPUT FORWARD POWER
INSERTION LOSS
INPUT/OUTPUT IMPEDANCE
INPUT RETURN LOSS

OUTPUT AMPLITUDE BALANCE
OUTPUT PORT ISOLATION
S DUMP RESISTORS

S CONNECTORS
h ! Input
" Output

Sl ot e e a B M Bl

30 - 88 MHz
6

MINIMUM TYPICAL  MAXIMUM

65
0.2

50

14 20
0.2

15 20

35

20

SMA, Series
SMA Series

49

PRI LIPS Gl W U

80
0.35

0.25

Electrical characteristics of the six-way power splitter are listed below.

UNITS
Watts
ds
Ohms
dB
ds
dB

Ohms
Watts




2.10 COMBINER - SIX-WAY (A9)

L The six-way RF power combiner is a passive device used to sum the outputs of
;] the six RF power output amplifiers to a common 50-ohm output line. The

= combiner is essentially a mirror image to the power splitter and is designed

- to handle much higher power levels. Because of the output power required from
R this module, significant effort is necessary to minimize losses and guarantee
= adequate voltage breakdown capability.

'll Section 2.9 contains a general description of the operation of the power
. combiner. The following section lists the electrical requirements of the
;{1 module, and Figure 2.10-1 is a block diagram of the unit.

fif 2.10.1 POWER COMBINER DESIGN REQUIREMENTS

{!l Electrical specifications for the RF power combiner are listed below.
FREQUENCY RANGE 30 - 88 MHz
NUMBER OF INPUT PORTS 6

MINIMUM TYPICAL  MAXIMUM UNITS

QUTPUT FORWARD POWER 650 750 Watts
INSERTION LOSS 0.2 0.35 dB
INPUT/OUTPUT IMPEDANCE 50 Ohms
INPUT RETURN LOSS (Each Port) 14 20 dB
AMPLITUDE BALANCE 0.2 0.25 dB
INPUT PORT ISOLATION 15 20 dB
DUMP RESISTORS 35 Ohms
250 Watts

CONNECTORS

Input TNC Series

Qutput TNC Series
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2.11 POWER SUPPLY - DRIVER AMPLIFIER (Al0)

The driver amplifier power supply is a switching regulator to provide primary
power voltages to the companion RF driver amplifier (All) and isolate the
amplifier from the vehicular supply (See Appendix A.3). The switching converter
is synchronized to an external clock and is operated 180 degrees out-of-phase
from a similar input level control circuit power supply to reduce conducted
switching emissions. Further, the input source lines are totally isolated from
the equipment case to minimize chassis currents. A separate ground-referenced
control circuit power source is provided by the control circuit power supply
(A5) to operate the supply controller.

Several BITE outputs are generated in the supply to permit monitoring by the
system controller (A2) of both the power supply and the RF driver amplifier
operation. BITE outputs include over- and undervoltage sense and a foldback
current limit circuit and output level indicator.

Because of the high efficiency of the switching regulator, this assembly is
mounted within the equipment case. To minimize EMI exposure to the output
lines, the module is located adjacent to the load (All).

Electrical specifications for the power converter assembly are listed in the
following section. Figure 2.11-1 is a block diagram of the power converter.
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2.11.1 DRIVER AMPLIFIER POWER SUPPLY REQUIREMENTS
The following specifications describe the power supply assembly.

CONF IGURATION Switching, coupled-inductor current-driven
buck converter.

SWITCHING FREQUENCY 100 kHz

MINIMUM TYPICAL  MAXIMUM UNITS

DC Voltage 26.5 28.0 29.5 Volts
Ripple (Components to 1 MHz) -20 ds
Ripple (Components above 1 MHz) -90 dB
DC Current 0 4.2 5.0 Amps
NOTE: Current reduces linearly by approximately 0.4 dB/volt for
input voltages below 27.5 volts. See Figure 2.1-4.
Supply to include current limit circuit to fold-back at
loads above 5.0 amps.

5
- OC OUTPUTS
t‘ 1. Amplifier DC Supply
o
A
3
tt
s
[

DC INPUTS 1
1. Primary Power Source
Differential DC Voltage 21.5 27.0 32 Volts
Ripple Voltage (50 Hz-200 kHz) 14 Volts
pk -pk
DC Input Current 6.5 Amps
Supply Efficiency 80 83 Percent

1 Input voltage per MIL-STD-1275A (See Appendix A.3).

Volta?e at supply processed by input circuits and EMI filter (A4 and
AlFL1).

Input DC circuit to be totally DC isolated from case ground.

2. Switching Converter Control Source
DC Voltage (Ground Referenced) 8 12 15 Volts
Input Current 150 mAmps
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MINIMUM TYPICAL  MAXIMUM UNITS
CONTROL INPUTS
1. Clock (Converter Sync)
Frequency 180 200 220 kHz
Duty Cycle 9 10 11 Percent
Level TTL Compatible
Load 2 LS TTL
2. Analog Reference (Output Current Measurement)
Voltage 0 5 Volts
Load Impedance 20 33 kohms
1000 pF
Conversion Factor 1.45 1.5 1.55 Amps/Volt
3. Output Select (Enables BITE Outputs)
Level TTL Compatible
Load LS TTL
Sense Logic 1 = High Impedance
Logic 0 = BITE Outputs Enabled
4. Supply Reset (Permits Recovery Attempt From Auto-Shutdown)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal
Logic 0 = Reset
BITE OUTPUTS!
1. Overvoltage (Signal Overvoltage Protect)
Protect Threshold 30.0 Volts
Qutput Level TTL Compatible
Qutput Load 4 LS TTL
Sense Logic 1 = Normal
Logic 0 = Protect
2. Undervoltage (Signal Undervoltage Protect)
Protect Threshold 26.0 Volts
Output Level TTL Compatible
OQutput Load 4 LS TTL
Sense Logic 1 = Normal
Logic 0 = Protect
3. Current (Signal Comparison To Analog Reference)
Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Current Below Reference

Logic 0 = Current Exceeds Reference

1 Outputs are Tri-State TTL and are enabled by OUTPUT SELECT line.

A1l outputs are high impedance unless selected.
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2.12 RF DRIVER AMPLIFIER ASSEMBLY (All)

The driver RF amplifier assembly amplifies the attenuated RF input signal

to a level sufficient to drive the six combined RF output amplifiers.
Although this amplifier is similar in design to the output amplifier, there
are several key differences in design requirements. First, the amplifier and
corresponding power supply are separated because of packaging volume
constraints. As with the output amplifiers, the driver must also perform
into high load VSWRs. However, because this amplifier drives the output
amplifier modules, which are deliberately mismatched to obtain improved

gain flatness versus frequency, the driver must be capable of operating into
a high load VSWR at the low frequency end of the band under normal conditions
without obtaining a power reduction to reduce stresses. The driver amplifier
is also designed using smaller transistors to obtain higher gain to permit
operation with low-level transmitters and to obtain lower capacitive feedback
to minimize VSWR-induced oscillatons. Finally, the driver amplifier contains
the variable-gain element of the power control feedback loop.

Amplifier protection and BITE is provided via the driver amplifier power
supply (Al0). This protection function is achieved by limiting available
primary power to the amplifier transistors. BITE is obtained by checking that
the amplifier is drawing DC current when driven. Because the driver amplifier
is a single line in the amplifier chain (no redundancy), reliability of this
module is essential to operation of the power amplifier. All parts are
significantly derated to extend reliability. The paralleled amplifiers also
reduce the stresses on each individual amplifier.

The RF driver amplifier assembles directly to a plug-in finned heat exchanger
mounted to the rear of the equipment case. A1l heat-producing parts are
fastened directly to the heatsink to obtain maximum cooling efficiency. Key
design factors to reduce heat are to maximize gain and efficiency while
maintaining ruggedness to operate under the conditions described.

Electrical specifications for the driver RF amplifier assembly are provided

in the following section. Figure 2.12-1 contains a block diagram of the
driver amplifier.
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2.12.1 RF DRIVER AMPLIFIER ASSEMBLY REQUIREMENTS

The following specifications describe the RF driver amplifier.

CONF IGURATION Quadrature-Combined, Variable Gain, Push-Pull,
Class AB Biased RF Amplifiers
RF TRANSISTORS Two 80-watt, 175 MHz, Field-Effect Parts
FREQUENCY RANGE 30 - 88 MHz
RF QUTPUT
1. Nominal Forward Power 65 Watts Maximum

NOTE: The driver amplifier sees the load VSWR of the combined RF output
amplifier assembly plus the translated antenna (load) VSWR on a
continuous basis. At low frequencies where driver amplifier load
VSWR is poor, output amplifier gain is high to compensate for
saturation. Linearity must be maintained and damage may not occur
under any load VSWR condition with continuous drive applied. DC
input current is limited to 5 amps under all conditions.

2. Harmonics NUMBER MAX. LEVEL (dBc)
2 -20
3 -10
4 -30
Higher -30
3. Spurious OQutputs -100 dBc max. greater than 1 MHz from the carrier.
RF GAIN
LOAD VSWR = 1.0 BIAS = 10 Volts
FREQUENCY (MHz) MIN. GAIN (dB) MAX. GAIN (dB)
30 15 22
85 14 18

GAIN CONTROL CHARACTERISTICS
1. Dynamic Range (12 Watts RF Input)

30 MHz 23 dB Minimum
88 MHz 17 dB Minimum
2. RF Input Power Range 2.5 to 12 Watts Continuous
100 Watts Maximum - 1 Second
3. Input Impedance 2 kOhms
100 pF
4, Control Voltage Range -10 to 10 Volts
58
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RF INPUT MATCH
- LOAD VSWR = 1.0
g FREQUENCY (MHz) MIN. RETURN LOSS (dB)
' 30 -15
88 -15

DC INPUT POWER
MINIMUM  TYPICAL MAXIMUM  UNITS

v
: 1. Amplifier DC Supply
DC Voltage 26.5 28.0 29.5 Volts
Ripple (Components to 1 MHz) -20 dB
Ripple (Components above 1 MHz) -90 dB
2. Efficiency-Current  (Output = 65 Watts, Load VSWR = 1.0, 30-88 MHz)
Output Efficiency 50 55 75 Percent
Current 4.2 4.6 Amps
[ 2R
BITE
No explicit BITE outputs available. BITE via corresponding power
supply output current.
CONNECTORS
1. RF Input and Output Automatic PMMA Series
2. DC and Control AMP Modu Series
[ A
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2.13 RF OQUTPUT AMPLIFIER (Al12 - Al17)

The RF output amplifier assembly provides the gain and output power capability
to overcome losses in the output circuits and achieve the 500-watt output level
required. This assembly must be capable of operating into the load VSWR of the
antenna system, which at VHF is relatively uncontrolled and typically ranges up
to 5:1. Since the amplifier is to be used in a moving vehicle, the load will
vary with time and position of the vehicle. Further, the amplifier module
includes an integral power supply regulator to isolate the RF amplifier from
the widely-varying vehicular supply (See Appendix A.3) and to provide the
required voltages for the amplifier and its bias source.

Six output amplifiers are paralleled to achieve the required power output.

A combiner and splitter provide the necessary isolation between amplifiers
and also phase-stagger the load impedance seen by each amplifier. There-
fore, when operating into high load VSWR's, amplifiers saturated because

of the load presented are compensated by the other amplifiers of the set, and
the full required output is obtained. The switching power supplies are also
phase-staggered to reduce switching transients at the power amplifier input
and reduce conducted emissions.

Reduction of amplifier module stresses resulting from operation at extreme
conditions is provided via integral protection circuits and from the monitor
and control functions of the system processor assembly (A2). Internal
functions include supply shut-down in response to over- or undervoltage
conditions and a current limit circuit to limit the available power to the

RF amplifier transistors when operating into high-current load VSWR phases.
Protection conditions are signalled to the system controller for further
response as required. The processor acts to reduce output power in response
to out-of-range input voltages, high load VSWR, excessive temperature, circuit
failures, etc. All parts are significantly derated to extend reliability.

A1l output amplifiers are identical in design and construction and are mounted
directly to finned heat sinks assembled about the equipment case periphery

to obtain maximum cooling. Because the unit is convection cooled, the RF
amplifier and power supply subassemblies are designed for maximum efficiency
and gain to minimize heat dissipation.

Electrical specifications for the output amplifier subassemblies are listed

in the following sections. Figure 2.13-1 contains a block diagram of the
output amplifier.
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2.13.1 RF POWER AMPLIFIER SUBASSEMBLY REQUIREMENTS

The following specifications describe the RF power amplifier.

CONFIGURATION
RF TRANSISTORS

FREQUENCY RANGE 30 - 88 MHz
RF OQUTPUT
1. Nominal Forward MAX. POWER (W) LOAD VSWR
Power

125 1.0
105 3.0
100 5.0
70 5.0
95 10.0
50 10.0
90 Infinite
32 Infinite

NOTE: RF drive will be present to attempt to achieve listed short-term

Push-Pull, Class AB Biased RF Amplifier
Two 100-watt, 175 MHz, Bipolar Parts

TIME

Continuous
Continuous
1 Second
Continuous
1 Second
Continuous
1 Second
Continuous

output. Saturation of the amplifier under this condition is

acceptable, but damage must not occur.

Listed power into VSWR is 1/6

of total output requirement and assumes equal load sharing.
current will be limited to 9 amps under all conditions.

2. Harmonics NUMBER

2
3
4

Higher

3. Spurious Outputs

RF GAIN
LOAD VSWR = 1.0
FREQUENCY (MHz)

30
88

RF INPUT MATCH
LOAD VSWR = 1.0
FREQUENCY (MHz)

30
88

hdi i detnd et ndh

MAX. LEVEL (dBc)

-20
-10
-30
-30

MIN. GAIN (dB)

12
11.25

MIN. RETURN LOSS (dB)

-2
-10
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-100 dBc max. greater than 1 MHz from the carrier.

MAX. GAIN (dB)

18
15
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DC INPUT POWER

MINIMUM TYPICAL  MAXIMUM UNITS

’,u u 1. Amplifier DC Supply
DN DC Voltage 26.5 28.0 29.5 Volts
- - Ripple (Components to 1 MHz) -20 ds
SO Ripple (Components above 1 MHz) -90 dB
' 2. Bias Source Supply
DC Voltage 3.6 4.0 4.4 Volts
Ripple (Components to 1 MHz) -20 dB
Ripple (Components above 1 MHz) -60 ds

3. Efficiency-Current (Output = 125 Watts, Load VSWR = 1.0, 30-88 MHz)

Qutput Efficiency 55 60 75 Percent
Current
Amplifier 7.5 8.1 Amps
Bias Source 0.1 0.3 0.9 Amps
4, Bias Source Output
Output Voltagel (25°¢) 0.3 0.55  Volts
Spurious Content -90 ds

1 Adjust with a select-at-test resistor to voltage greater than 0.3 VDC
that corresponds to 11.5 dB minimum RF gain at 88 MHz with a maximum
voltage limit of 0.55 VDC.

BT No explicit BITE outputs available. BITE via integrated power
supply output current.
CONNECTORS
1. RF Input and Output Automatic PMMA Series
2. DC and Control AMP Modu Series

63




ST .Tﬂ'.' T

-'.- *
=T
DRSS
F_m.
| I
"

M.

[N
S
R

T TN ——— LY TP T —— d TR g e e - v . v B S St

2.13.2 POWER SUPPLY SUBASSEMBLY REQUIREMENTS

The following specifications describe the power supnly subassembly.

CONF IGURATION Switching, coupled-inductor current-driven
buck converter.
SWITCHING FREQUENCY 100 kHz

MINIMUM TYPICAL  MAXIMUM UNITS

DC OUTPUTS
1. Amplifier DC Supply
DC Voltage 26.5 28.0 29.5 Volts
Ripple (Components to 1 MHz) -20 ds
Ripple (Components above 1 MHz) -90 ds
DC Current 0 7.5 9.0 Amps

NOTE: Current reduces linearly by approximately 0.4 dB/volt for
input voltages below 27.5 voits. See Figure 2.1-4,
Supply to include current limit circuit to fold-back at
loads above 9.0 amps.

2. Bias Source Supply

DC Voltage 3.6 4.0 4.4 Volts
Ripple (Components to 1 MHz) -20 ds
Ripple (Components above 1 MHz) -60 dB
DC Current 0.01 0.3 0.9 Amps

NOTE: Bias source load is directly proportional to the output
supply load.

DC INPUTS

1. Primary Power Source1
Differential DC Voltage 21.5 27.0 32 Volts
Ripple Voltage (50 Hz-200 kHz) 14 Volts
pk -pk
DC Input Current 11.75 Amps
Supply Efficiency - 9 Amps 78 80 Percent
- 7.7 Amps 80 83 Percent

1 Input voltage per MIL-STD-1275A (See Appendix A.3).
Voltage at supply processed by input circuits and EMI filter (A4 and
AlFL1). '
Input DC circuit to be totally DC isolated from case ground.

2. Switching Converter Control Source

DC Voltage (Ground Referenced) 8 12 15 Volts
Input Current 150 mAmps
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MINIMUM TYPICAL  MAXIMUM

CONTROL INPUTS
1. Clock (Converter Sync)

Frequency 180 200 220
Duty Cycle 10 12.5 50
Level TTL Compatible
Load 2
2. Analog Reference (Output Current Measurement)
Voltage 0 5
Load Impedance 20 33
1000
Conversion Factor 2.9 3.0 3.1
3. Output Select (Enables BITE Outputs)
Level TTL Compatible
Load 2
Sense Logic 1 = High Impedance

UNITS

kHz
Percent

LS TTL
Volts
kohms

pF
Amps/Volt

LS TTL

Logic O = BITE Outputs Enabled
4. Supply Reset (Permits Recovery Attempt From Auto-Shutdown)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal
Logic 0 = Reset
BITE ouTPuTS!
1. Overvoltage (Signal Overvoltage Protect)
Protect Threshold 30.0 Volts
Qutput Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Normal
Logic 0 = Protect
2. Undervoltage (Signal Undervoltage Protect)
Protect Threshold 26.0 Volts
OQutput Level TTL Compatible
Qutput Load 4 LS TTL
Sense Logic 1 = Normal
Logic 0 = Protect
3. Current (Signal Comparison To Analog Reference)
Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Current Below Reference
Logic O = Current Exceeds Reference

1 Gutputs are Tri-State TTL and are enabled by OUTPUT SELECT line.

A1l outputs are high impedance unless selected.
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3.0 RESULTS

The amplifier module specifications and design characteristics described in
Section 2 establish a basis for the detailed design and function of the
individual amplifier modules. When completed, the compliant individual
modules will permit the desired performance goals for the 500-watt amplifier
to be acheived.

In addition to the system definition for the power amplifier, a number of
contractual data items have been completed and submitted during the first
quarterly reporting period. This data includes:

Radioactive Material Report

Nomenclature Request

Nameplate Request

Preliminary Reliability Prediction
Electromagnetic Inteference Control Plan

A program kick-off meeting was held with CECOM technical and contract personnel
on 12 October 1982. During this meeting a number of design modifications and
potential problem areas were discussed. Major issues and preliminary oral
resolutions are listed below.

. RF Input Connector. A change to type "BNC" connectors on the RF input
was discussed to make the amplifier compatible with the RF output
connector used on the RT-246 (VRC-12) and SINCGARS radios. A
recommendation was made to keep the originally-specified type "N
connector based on MIL-STD-461 REO2 radiated emissions requirements
and the poor leakage performance of the type "BNC" connectors.

The present design connector is as originally specified.

Power Control Switch. A request to add a switch enabling the
operator to select a lower output level was made, with a level of
250-watts suggested. The current design approach includes this switch.

. Right Angle DC Power Connector. Because of the length of the DC power
cable and connector extension beyond the amplifier chassis, a
consideration of adapting the input connector to a right angle
configuation was made. Subsequent analysis of the cost impact and the
discovery of the true flexibility of the cable have resulted in this
issue being abandoned.

. Manual Keying. A request to eliminate manual keying was made based on
the lack of a tactical use of this feature and the fact that the
amplifier response in automatic key mode would be the default mode of
operation when manually keyed to avoid output power overshoot resulting
from keying the amplifier before RF drive was applied. Problems with
Problems with the automatic frequency counter - filter select circuit
function which unkeys the amplifier in response to frequency changes
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to prevent damage caused by driving the incorrect low pass filter were
also explained. This characteristic prohibits the use of wide range
swept input signals with the amplifier. The present design eliminates
the manual key operating mode and input circuits.

Power Connectors. Potential vehicle problems with handling the
amplifier primary supply current using the specified connector were
discussed. A specification error in the connector stuffing tube
Federal Stock Number was also corrected. CECOM engineers have
investigated the connector rating problem and decided that the
specified part will perform as intended. The equipment power cable
will be terminated at the vehicle end with the specified connector.

The amplifier specification, CENCOMS 31-88 dated 2 March 1981 reproduced
in Appendix A.l has been modified to incorporate the verbally-discussed

modifications. Formal notification of these changes has still not been

received at this time.

The following government-furnished property has been received to be used in
support of the amplifier testing phase of the development program:

2 Transceivers RT-246/VRC
. 2 Handsets H-250/U
. 2 Technical Manuals TM 5820-401-34-2

Two power connectors, GCU-3444/VRC, are still outstanding.

Finally, a relatively large number of electrical parts orders has been placed
for long-lead and firm-design components. Although some parts are promised
beyond the desired delivery dates, no particular problems have been encountered
that cannot be worked-around at this time. Purchase orders will continue

to be monitored, especially on devices requiring special burn-in screening, to
insure that deliveries are met. Purchasing and component selection efforts

are continuing.

67

L3P o e o PV S SO WP S} et . - p— . e




P of TR TR vm Y Y T - -
N RIEITN s
e . .
- d S R Nt "

i e . 1] O
R o A A
. HE
| e o

MA A
. . l..‘ ‘..',.‘-“ S

20 B MMM Sh AT
. . - » N .

4.0 FUTURE EFFORT

During the next reporting period, refinement of the next level of detail
of the amplifier design will be accomplished. The design of the system
controller software and BITE isolation procedures will also begin. This
effort will include a study of the system timing and response periods to
external effects.

Fabrication of the initial parts for the deliverable advanced development models
is scheduled along with continued procurement of electrical parts for the
amplifier modules. Documentation efforts for the amplifier design will also
begin in the next reporting period.
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CENCOMS 33-81
2 March 1981

CORADCOM
TECHNICAL REQUIREMENTS !

SO0 NATT SOLID-STATE RF POWER AMPLIFIER

1. SCOPE

1.1 This advanced davelopment specification applies to the
fabrication and tasting of a 500 Watt, solid-stats, efficient, broad-
dand power amplifier covering the freguency range of 30 to 83 Miz.

Z. APPLICASLE DOCIMENTS

t 24 %«%wg. The fallowing documents of the {ssue in
te

eoffect on . tation for bids, form & part of this specifi-
cation ts the extant specified heretn:
STANGARDS
MILITARY
MIL-S-901 C (1) Shock tast (High Impact) Shipboard
Machinery, Ecuipment and Systass,
Requirements for, 5 Sep 63
- NIL-$S11288 - Parts, Mytartels and Processes used
C {n Electronic Equipment 31 Aug 78
P RIL-M=13231A(3) Mrking of Electronic [tems, lf Nov 71
& MIL-F-14072 (B) Finishes for Ground Signal Equipment, 19Apr76
. NIL-STD-252 8 Wired Equipment, Classification of
i'f.. . Visual and Mechanical Oefects, 19 Jan 70
- MIL-STD=484 ¢ Standard Genera! Requt = for
, Electronic Equipment . 9 Mar 80
o MIL-STO-810 C Environmental Test Mathods for Aero-
o space and Ground Equipment , 10 Mar 75
T MIL-STD-1278 A CQuaractaristics of 28 Volt OC Electrical
- Systams in M1{tary Yehicles 17 Sen 76
s
e
P
70




MIL-STD-1472(8) . taman Engineering Design Criteria
for Mlitary Systams, Equipment and
Facilities, 31 Dec 74

MIL-E-52838A (2) Enamel, Modified Mkyd. Camouflage
Lustariess. 22 May 8

Cods of “Faderal ' Occupational Safety and Health

Regulations Title 29 Stancards . .

Quaptar XVII, Part 1910 -

MIL Wdbk 217 lhlubﬂity Pnd?tun of Electronic
Equipment 9 4

MIL-STU-461R 8 . Electromgnetic Emission and

Susceptidil{ty, Raquirements for the
Control of EMI..1 Apr 80

MIL-I-23053/8 3A(1) Insulation Sleeving, Electrical,
Heat Shrinkable, Palyoefin, Flexible
Crosslinked , 19 Oct 79

RIL-STD-482 . Measurement of EMI Charmactaristics
31 Jul §7
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s. REQUIREHENTS

3.1 Enafnoorim ohisctive, A rugged asplifier that tan be builit frem
established state-o:-tne-art technology in solid state, RF hiqh power .

;N dmplifiers 1in the VHF fnquency range.
3.2 Develog:g.. t objectives:. -
- ) A power amplifier which can be used to increase the transmitter
b power ‘lcnl (40 watt naninal) of Army tactical FM radics.
b. m;a efﬁc‘lency resulting {n a dc current drain compatible with
internal vehicular power supplies. .

C. H'!ninm size commensurate with performance requirements and
rnsonab!e cost.

= .
L‘ d. Capable of interfacing vdth ... the RT-S24A/VRC or future SINCGARS-V
= ’ndicr in an automatic PTT -operation.

e. Shall be primarily employed in vehicuhr mounted {MS577 -type) !

configurations. ' @
t‘:, 3.3 Desion cons{deratfons :
; 3.3.1 Frequency rance. 30 to 88 MHz. The specified range shall be c;';ered
F in not more than tnree (3) frequency bands, which can be manually selected by the
& operator. within e2ch frequency band, there shaiil be na tuning required by the
t- operator when changing the operating frequency.

3.3.2 SudoT voltace. 27.51! de nominal., 22-32Y dc range and transients

’ per MIL-STD-1Z/ _

' 3.3.3 .System imoedance Tevel. The system input and output 1mpeda;xce leveT_s '
r shall be 50 ohms, nominal. .
b ' 3.'3.4 Inout drive 'cm}er 404 nominal. With an Input YSWR of 2:1, the

m}‘lal;lc power from tne drive source {S reduced by not more than 1 d8 from the
ascminal. )

L )

1 3.3.5 OQutout cover. For a drive power as specified in 3.3.4, the variation
be in the output rorwars power (referenced to the nominal S00 watts) shall not exceed
¢ the 1imits given belaw. .

- Tolerance in the output Supply Voltage Load VSR
o forward power variation (d8) (Volt OC)

;' ®,9 27.5 : 1

o 2, -1 2.5 3.0
[ +], <2.5 2 1

i.[ . ke outgst  zowes lewrl switch sball b provibil b vedva He power T as
;. LW el wominal  leod s Viskd  alove. |
.

-
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3.3.6 Maximm current drain. The maximum current drain from the vehicular
power supply snall not exceed SUA in all cperating conditicns specified herein.

3.3.7 Dut cle. The ampl{fier shall be capable of cdntinuous 1.0
ginute on and ‘;5 minute off cperation, with a goai of continued 30 minutes
on and 30 minutes off.

3.3.8 Damace protection., The equipment shall be protectad against reverse
supply voltage connection. Thermal protection shall be provided acainst bdoth
{nadvertent continuous duty operation of the ampliifier, and operation under
restricted ventilation.

3.3.8.1 Protection against inf’nite VSWR. No permanent damage shall
occur to the equipment 1t it is keyed continuously into an infinite load
YSWR of any phase at any frequency within the operating band.

. 3.3.8.2 Hot switching orotection.. The equipment shall be protected frem
any damage against inadvertent switching from one frequency band to another
while in transmission of rf. :

3.3.8.3 Qut-of-band drive portection. The equipment shall be protectad
against any damage when driven by a full nominal drive and: a. The .
:;1ve frequency is ocut of the salected band frequency but within the 30-88
range. .

3.3.8.4 In-band overdrive orotection. The equipment shall ke protected
against any damage wnen driven by an input, within the 30-88 MHz band, greater
than the nominal rating by up to a maximum of 3 d8. -

3.3.8.5 VYehicular suooly orotecticn. The equipment shall have a fuse
or circuit breaker 1n 1TS paower UN/Urr iine to disconnect the power from the
vehicle to the equipment fn the event of equipment malfunction (f.e. short
eircuit). ]This safety feature must {nsure protection to ths vehicular
power supply. '

3.3.9 Keying Controi. Automatic keying controls shall be
provided. ?he keying control shall place the amplifier either in

transmit or recefve mode. In the receive mode, the amplifier is by-
passed between the RF input and output connectors with a minimum
insertion loss.

3.3.9.1 Automatic Mode. In the automatic mode no operator handling,
other than primary power “ON/OFF", shall be necessary. The amplifier
keying shall be controlled by the RF input drive. The automatic keying
shall not present infinite VSWR load to the driver while the RF drive
is present. The maximum amount of time allowable between presence of
50% of nominal RF drive and full power-up of the amplifier shall not
exceed 50 milliseconds.

3.3.10 Bite. The equipment shall provide a means of self-testing.
This self-test shall be used to monitor equipment performance and perform

preliminary diagnosis. Bite shall be able to be conducted without having to
dismantle any part of the equipment.
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3.3.11 Cables/Connactors/Switches. The equizment shall have cables and
connectors as set tortn below: .

3.3.11.1 ON/OFF Switch. The equipment shall have a manual prima
power QN/OFF switch on ‘the front pauel. ~

3.3.11.2 RF connectors. . The equipment shall have type "N" rf connec-
tors for. input ana output of rf signals. )

3.3.11.3 Power cable and comnector. The equipment shall be provi{ded with
the follcsing power cable/connector.

3. The power cable shall be approximataly 12 feet Tong. One end shall have &
"Bendix® Connector Assembly which 15 composad of a Connector, Plug, Electrical (Bendix)
FSN §935-856-8428 and an Adaptar (Bepdix) Stuffing Tube (M in) FSH 5935-892-8911. -
This cable end shall mate with the power recaptacle on the vehicle. No other system
‘function shall be includad in this cable/connector combtnation. .

3.3.12. Physical charseteristics. The equipment shall conform to the physical
specification set deliaw.

foll 3.3.12.1 Size. The volume and dapth dimensicn of the equipment shall be as
ows: .

1. chm = 2200 cubic i{nches n;rlm.- .

5. Dapth = 14 inches maximum .

3.3.12.2 Height. The equipment shall have a maximum weight of no zore than
4 - ..-, e R . : .
3.4 Nuclear survivabf'l"lg_:z. - DELETED

3.5 Envirormental Conditions.
3.5.1 Terveriturs.

a. Hig ergture.,

(1 %nt‘.g. The squipmant shail e operzidie without degradation {n
specified parformance at mmbient afr tamperature as R{igh as 1259F (+31,79¢C).

(2) Storace and transportation. The equipment shall withstand expasure
ta mbient dir tamperatures s nign as +1609F (+719C).
b. Low temoerature.

Q) ting. The equioment shall. Se-cperable without degradaticn {n
specified pcrgomncl as ambient temperatures as low as -609F (-500C|,

* (2) Storice and transportation. The equipment shall withstand exposure to
mbient air tacaratures as low as =/G9F (-569C).
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3.5.2 Humidity. The equipment shall be operable without degradation in specified
performances and shall sustain no physteal damage, during and after prolonged exposure

0 extreme high humidity levels as encsuntarsd {n tropical aress.

3.5.3 Exnlosive atmosohere. The equip=ant shall not cause ignitfen of an anbicn:-

explasive-gasesus mixture with air when cperating {n such an atmosphere.

3.5.4 Vidbration. The equipment shall withstand vibration and shock
Induced during rield transport by military vehicle and/or as part of a
vehicular installation cver 211 types of reads and cross csuntry terrain.
The equipment shall also withstand shogk encountsred during rough handling

-and .servicing. The equipment -installed within or upon.an armored vehicle

shall be resistant to high Tevel shock caused by ballistic tmpact, air
blast explesions and similar cambat figid corditions. ‘

3.5.5 [mmersion.. The equipnent shall de capable of befng {mmersed
ts a cavering deptn of 3 fest of watar; _

3.8 Electromacnetic Interference,

3.6.1 Electromadnetic emission and suscertibild .. Jhe ami{fier,
when operating and pert ng 1ts intanded ctions, shall comply with
the following requirements of MIL-STD-4418B. :

et esot . Rz (a) RS03 (e)
s (3} a2 2
€08 (b : csas

3. Conducted and radiatad switching transients shall comply
with MIL-STD-461% T{arits specified in figuredvand paragragh
15.2.2 respectively. : .

b. Spurious emissions shall he held 1C0d8 Below the carrier.

¢. The fMeld strangth levels and Medulation charzclaristics for

REQ3 shall be as follows:

Freg. fange (fz] . "E Meld¥/M Mod. Caractaristics

10K-2M ) A - mRy Ja, | kiiz tone

Q4=30M 5 M, 50%, 1 kHZ tone '
3oM-75M 10 M, 8 ki{z Oav., 1 kiz tone
76M=400M bl B A, 502, 1 kHz tome

400M=-25 10 Pulsa 0.1 aicraosec., 400 PPS
28-10G 5 Pulsae 0.1 microsec., 400 PPS
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sdequats sicns ng m donding shall not be
muwmmmmz dummmz.m
sounts or vilration {solators, 1f nlmd shall utilize bonding straps
t5 bypass the mounts or {solators. Bonding jumpers, when used, shall be
of the solid metal type and shall Be as short as possiblo with Tength to
width retics not excesding S t0 1. mmumwmmr
shall be fres of all Mgh impedance ¢leaments. The {mpedancs between a
single metal-to-metal mting surface shall not exceed 2.5 will{ohms.

Upon completion of the bonding assambly and ascertainment of the specified
bongiing tmpedance and _the compietad assembly shall be nﬂrﬂsm
with t%c original finfsh or other protactive finish {n eccordanca wi

3.6.3 Tes and « Coaxial cables shall be of the double
shielded typa. es Sna ve thelr shields tarminatad in connec-
tors with EMT Backshell to provide peripheral bonding of the shields.
%?m’m&mn b: fr:ﬁcf Wn ﬂum m:lm wt-wldn .

ve donding grounding ng connectors (] Gllassis
m“m Setween 2 Singie mting connection shall not exceed

3.7 lﬂh 111ty. The reliability dasign goal for the 500 watt
power ampt be & msan-ting-0etween fatlure of 4800 hours.
Achievemnt of this requirenmant shall de verified by 2 detailed stress
amlysis raliability prediction per MIL HDBK- 217.

3.8 Parts, materiels and ocrocesses. Electrenic component parts,
davices, mtarieis, tacrmniques tachnologies, including micro-electronics,
shall anfcn to MIL-P-11268.

3.9 Mrkincs. Markings shall conform to MIL-M=-13231.

3.10 Cotors. Calers shall be Tustarless green in accordance with
MIL-F=14072 8T NIL-E-5283SA,

. 3.11 Finish. Finishes shall be in accordance with MIL-F-14072.

3.12 ‘Vorimanshin. Workmnship shail ba in accordance wi®h require-
mnt § of MIL-SI0-453. .

.3 4 + The equipment dns1gn critaria shall be in
scenrdance tle of Federal hguht‘!cns. Chaptar XVII, Part
1910, *Occupational afcty and Health Standards,” Requirement 1, nn.-s'ro-
484; and paragrephs entitled “Ladeling”® and “Hazards and Safety” of
nn.psrn-wz. and shall {nclude But m be Iimitad ts the fonnﬂng-

.13.1 W The systam shall be dasigned ¢o minimize
!ﬁ::b crc!cﬂihm uf:{yﬂsmm“z:olm 11-& of ;.mc :”mu
ad shall iezummm;amaufwu:&':-m o |

76




3.13.1.1.‘ ical s . The syst:ﬂ gﬂgﬂ ml‘ln:::m:: the
safety provisions &2 n paragreph "Mechanical®
Requiremant 1, MIL-STD-454 and the following:

edges shall be rounded t3 2 minimum redius of

.06 nck u.-)'. and exposed corners to & mintmm of 0.5 inch (12,7 mm).

B: Adequats provisions for 11fting and handling shall be
pravided in accordance with paragraph entitied *Unit Da‘(gn for Efficient
Handling,* nn.-srn- Ly

e. Adecuate safeguards shall be installed to prevent 1mdvcr-
tant entrapment of body parts and clothing in moving parts.

d. Color coding of indicator lights shall conforw with Table II,
l!L-STD-IﬂZ.

o B, DT 2
ons ¢z n . al? R
MIL-STD=484 and the folbwing:

8« Aczidental contact with current ng metal components,
tarminals, and 11ka devices (grestsr than 70 volits) shall be controiled
by the following:

(1} Wtre connections (bare terwinals) shall be protaciad with
insulatad sleeving- (MIL-1-23083/%).

(21 Al7 contacts, terminals, and Tike davicas other than wire
connections shall be provided with Barriers or guards to prevent operating
and mintsnance personnel from accidental contact. These barriers or guards
shiall be manufactured from a transparent, nonconductive material (insula-
tion resistance shtall be not less than 1000 magohms) and shall be marked
with the approximats highest voitage (nearest round mumber) and current
type which my be encountared upon removal. The marking shall be in 2
format in accordance with hﬂm Nationa) Standards Instituts (ANSI)
8.1-1972 and worded as follows: “CAUTION (Maximum Voltage applicable)
Yolts AC.* (or OC m applicable).

(3) SmIT uumm shalT be provided (where needed) in guards
or barriers for mintanance tasting without the removal of the guards.
The voltage encountared through these cpenings shall be marked on the
guard or barrier.

Components over 500 volts shall be completaly 1n=!csad and
!uar!o:kurlt nc bypass devicas permittad and shall be marked in
accovdances with parsgraph entitled, *Warning Markings,” Requirwment 1,

¢. Sockat connectors, designed £o prevent personnel” frem
sccidantal contact with patantially hazardous valtage, shall be used
electrical Ty energized contacts such &S power sourcss.

d. \her redic intarference f{Ttars are used in the power input,
ﬁ!m shall contafn only capacitors betwean each side of the line and -
ciassts which are sufficiently low in value to allow Tess than § &i114-
aperes of current to flow to the chassis under the most adverse conditions
of maximm power frequency and maximus voitage permittad dy the individual
tast equipment specification.

e. Positive acting, sutamtically actuatad discharging devicas
shall be provided %o d‘lsdum high veltage circuits and capacitors o
X volts within 2 saconds or less.

£, Attachment plugs shzlT have daad-front construction per
1979 BT Article 410-58(d).
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3.13.1.3 Ohemical safety. The systaw design shall {nclude the
following provisions: : )

8. No mtartal or component which dm-ingdlyphmcfmnft
?e‘lac‘.wg;t:‘c!n tax{ic gases, ‘vapors, fumes, or droplets shall be used
A _

b. Mo treating materfals shall be used that are {dentified in
the Tox{ic Substanca List (published by National Instituta for Occupaticnal
Safety and Heslth) that will producs toxic effects via the respiratory
tract, aye, skin (cutanecus and subcutaneous), or mouth. This includes
handling the treatsd matarial during fabrication, transportation, operation
or mintenancs of the parts {n which the treatad matarials are used or during
use of the finished parts whem used for the purpose {ntended.

3132 Ecuiowent Safety.

&. The systam shall be designed to minimize equipment damage,
degradation of efficiency or mission failure due to the following conditions:

(1) Operztor inducad errors

(2) Improper cabling
(3) Powar faflure or electrical overstress on m.

(4) Secondary failures

(5} InstalTation, storsge, oparation, handling, sximtanancs, and
tramspartation.

U. Specific design tachniques for equipment protaction shall
include the following: )

(1) Electrical overlosd protacticn shall be in accordance with
Requirement 8, MIL-STD-454. All fuse positions shall be marked with the
ratad current capacity of tie fuse to be employed therein., Fuse pesitions
for dalayed-action fuses 3hall have the additiomal designation "SLOW®.
For "bayonet® type fuses, the contract nearest the insertion end shall
be at ground patantial when the fuse is removed.

(2) Pesitive means shall be provided to prevent the {nadvertent
reversing or sismting of instrument lesds and electrical comnections.

- 3.13.3 Envirommental safety.

No redicactive matarial shall be utilized withous pricor
express. aporoval of the Chntracting Officar (potantial sourcas of radiation
{nc! luminous dials/markings, electron tubes, surge arrestors and lenses).
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3.14 The éontractor shall provide drawings for identification plates
(data 1tam AQO1), Nomenclature Request (A002), Level 1 Orawings (A003),
Operation/Matitenance Manual (B0O01), Scientific and Quarterly reports
(Co01, C002, CO03) and Presentation Material (GOO%) .

3.15 Repair and Maintenance

The contractor shall accompliish fault {dentification and effect
repairs to restore to operational capability to 500W RF Power Amplifier

. units being utilizad in Development and Operational tasting (OT/0T1) on

an on=-call basis during the tast period. The contractor shall have a
cognizant technical representative with the necassary equipment and
materials on-call during this tast period to provide these services. The
contractor must have tachnical personnel at the designated area within

24 hours after receipt of the oral notification.

3.16 Refurbishment
Iomediataly following OT/0T1, the equipment shall be returned to
the contractor's plant for refurbisiment, the extent of which will be

determined at that time, after which the equipment will be sent to
Fort Mommouth, NJ for Final Acceptance.
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8. QUALITY ASSURANCE PROVISIONS

4.1 Responsidbility for inscection. Unless otherwise specified in
the contract or purchase order, the contractor {s responsidle for the
performance of all inspection and test requirements as specified herein.
Likewise, the contractor may use his own or any other facilities suitable
for the performance of the {nspection and tast requirements specified
herein, unless disapproved by the Government. The Government reserves the
right to perfom any of the {nspections and tasts set forth in the
specification where 'such inspections. and tasts are desmed necessary. Test
equi and facilities for Government tasts- and {nspection
shall be made available by the contractor. The Goverrment reserves the
right for authorizad tachnical representatives to witness any contractor
=performed inspections and/or tests.

v [ADRLBENLPA S ¢
d ot ‘.,I‘!

4.2 Inspection coversd by susbidiary documents., The following shall
be {nspected under the applicaole sEsiciary documents as part of the in-

spections required by this specification.

Jtem T Where Recuired
Parts, Matarials and Procasses : 3.8
Marking * . ‘ 3.9
Colars 3.10
Fiaish - 3.n

4.3 Visual and mechanical inspectien. Egquipments shall be examined
for defects 1n compliance with MIL-S|0-252. This inspection shall be per-
formed to detsrmwine compliance with 3.12. .

4.4 ality conformance insoection of ecuioment before oresaration
for delivery. ife conTraciar, tO GeMORSCLraca ccop!iance wWith specitied
requirenents, shall perform the {nspections and tests specified in 4.2, 4.3,
4.5, 4.6 and 4.7 of this specification. This does not relfeve the cantracter
of his responsibility for performing any additional inspections and/or -
tasts, which are deemad necassary to contral the quality of the product
and to assure that 311 requirements are met for all specified functions and at
all frequencies within the specified tuning range. The contractor shall
make available, for Government review, inspection and test procedures, inspection
and tast records and test data. Test data shal! be prepared for eqch eguip-
ment testad by the contractor or his agents. The data shall present the
exact results of measurements made or readings obsearved and shall be ex-
pressed in the same tarms as expressed by the requirements. Check marks,
*X." ditto marks or statarents that requirements were met, will not be
construed as necessary data unless approved in advance by the Government.

Pk et a0 SRL 0
IR TR A
»? .'- I O

B LRI ER SAdn o

K et
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In additfon, the Government at {4s <iscretion and withcut notice’
elsewhere in the contract may perform insgections and/or tasts independent
of the {nspections and/or tests required to be performed by the contractor.
Such fnspections and/or tests shall be for all or any part of the specified
inspections/tasts to verify the contractor’s campliance with specified re-
qQuirements. Test equipment to be used by Government respresentatives for
such tasts shall be made available by the contractar. Further, all facilities
and services necassary for the placament, operation and maintsnancs of
these tast equipments shall be provided by the contractor.
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AN-STU=-810. The tire schedules shall be {a accordancs with Table S14.2-°

P ——,

4.5 Electrical tests. Electrical tasts shall be performed in
accordance with a contractor prepared, Government approved test plan.

4.6 Environmental tests. Envirommental tests shall be performed in
accordance with the Government approved test plan and the requirement of
'paragraphs 4.5.1 through 4.6.7 of this specification.

.4.6.1 _ Temoerature.

4.6.1.1 High temperature. The equipment shall be subjected tc the test of
Mathod 501.1, Proceaure 11, of MIL-STD-810. For Stap 7, the chamber
tezperature shall be adjusted to 51.76C («709F). Low operating temperature
(Stap 4] shall te -519C (-60Q0F).

4.6.2 Humidity. The equipment shall be subjected to the test of
Yathtod 507.7 of MiL-S:C-31C, Procedure II or [II depending on the design
of the equipment. Procsdure III shall be used if the equipment centains.
areas normally sealed during operation by gasket or aother non-heresmetic
type seal. In Step 7 of Procedure [II, the chassis shall be removed from
{ts enclosure or the tast {tem shall Be otherwise opened so as tc expcse
the normally sealed areas to the chamber environment. In Step € of efther

S ur?. measurements shall be taken during the last 5 hours of the
as m e. . ) :

4.6.3 YVibraticn and shock.

"0_‘.3;1 ”!!:!ﬁmo -

8.. Part 1. The equipment in its transit case, {f any, shall
be subjected 3 Method 514.2, Procadure XI, Part 2 of MIL-STD-810. .
Operata the tast {tem and record performancs electrical tast measurements.
Inspect the tast {tem mechanically.

: b. Part II. The equicment shall be subjectad ta the tast of
Methed 514.2, Procadure VIII, Catagory f, Curve ¥ of Figure 514.2-6 of

VI. At the conclusion of the above tast, visually inspect the test {tam -
for any evidancs. of sachanical damage and operata the tast {tam and compare
the results with pre-praformance tast data. . .

4.6.3.2 Sheck. The equipment shall be subjectad to the tasts of
Methed $16.2, Procadure [I and V of MIL-STD-810. Equiprents ¢o be installed
in or ypon armored type vehicle shall be subjectad to the tast of MIL-S-
901 for Type A, lightweight equipment. Mounting of the equipment on the
?st :l:u shall stmulata the mest savere canditicn which say be encsuntered
n sarvica.

4.5.4 Irmersfon. The equipment shall be sublected t3 the tast of -
Mathod S12.1, %m 1, of MIL-STD-810., This tast shall be performed !
prior to and following vibration and shock tasting of tha Same tast {tam. ]
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4.7 Clectromanetic imtarferance.

T r 0
BRI~ -

4.7.1 ﬂ@cﬁﬂ&‘i Ference. The amplifier shall be testad
for campliancs with the requirements ot 3.5.1. Test procedures shall te
o {n accordancs with the tast methods of MIL-STD-462, Natica 3. A tast

L plan must be prepared by the contracisr and submitiad to the Goverrment
E! Yor sppruval prior s EMI tasting.

: 4.7.1.1 Qnd*l?g and Ground‘l%. Prior to performing the EMI tests
of 4.7°1 compliance w e bonding requirements of 3.6.2 and 3.6
o be ascertained. The bonding impedance shall be measured and the d
b recorded in the EMI tast report.

4.8 System Sufety

4.8°1 Safety evaluation. A safety evaluation shall be conductad by the
contractor to detarmine that all personnel, equipment, and envirommental
hazards have been identified and eliminated, in compliance with 3.13.

4.8.2 Saf Inspection. Ouring accaptance inspection, a visual
inspection skﬂ be performed to detsrmine that all requirements, as a
resuit of the safety evaluation, have been incorporated in the eqifpment.

Inabillty to meet the requirements of 3.13 shall constitute a failure of
the tast.

4.9 Acceptance. Acceptance shall be dased on the contractor's fulfiliment
of the requirements of section 3 and the delivery and acceptance of all
ftems 1istad fn section 4.

shall

3
ata

4.9.1 Prelimina uality Assurance {PQA) - Preliminary testing, inspection
and accsptance shall be conductad In accordance with_the Government
approved -contractor written test plam.(E001) = -

4.9.2 (owe)

4.9.3 Final Acceptance. Final acceptance will be conducted at Fort
Monmouth, after equipment has been refurbished at contractor's plant,
following QTI. Final Acceptance inspections and tests will consist of
the following: sections 3.3, 3.10, and 3.11 of this document and ON/OFF
tast, BITE, RF Power Cut vs. RF Power In and Frequency and RF Power out
vs OL Power In and Frequency.

5.0 Dwﬂ% TutiggéO%nﬁoml Testing 1 §U\‘£0T‘l). The equipment
shall be su to a stage aftar preliminary acceptance has

taken place.

5.1 Development Testing 1. Oesvelopment testing will be the responsibiiity
of the Goverrment. e ermment reserves the right, if so desired, to
use the Preliminary Assurancs Test as the Development test. If additional
OT 1s requred the location will be determined at that time. The contractor

shall be provided with a copy of the test plan, at least thirty (30) days
prior to start of test to review and comment.

5.2 %gntionﬂ Test 1. Operational Testing will be conducted immediately
following Uevelopment lesting. The Government will be responsible for the
Operational Testing. The contractor shall be provided with a copy of the
operational tast plans, at least 30 days prior to start of tast to review
and cosment.

S. PACXAGING

$.1 Equipment shall be p.ackld and marked appropriataly to prevent
damage dpﬁnq shipment.,

6. WTES
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APPENDIX A.2

MIL-STD-461B SUMMARY
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APPENDIX A.2
MIL-STD-461B SUMMARY

A.2.1 INTRODUCTION

The following paragraphs summarize key requirements of MIL-STD-461B for
elecromagnetic compatibility as related to the design of the 500-watt VHF
power amplifier.

A.2.2 CEO1 - CONDUCTED EMISSIONS, POWER AND INTERCONNECTING LEADS,
LOW FREQUENCY (30 Hz to 15 kHz)

Emissions from DC supply leads to the amplifier are controlled. 1imits are
established in Figure A.2-1, Curve 1 when measured in a 75 Hz effective
bandwidth.

A.2.3 CEO3 - CONDUCTED EMISSIONS, POWER AND INTERCONNECTING LEADS,
15 kHz TO 50 MHz

CEO3 is applicable to DC supply leads to the amplifier. Limits are established
in Figure A.2-2, Curve 1 for narrowband emissions and Figure A.2-3, Curve 1 for
broadband emissions.

Key narrowband frequencies and limits for the VHF amplifier are:

FREQUENCY (kHz) LIMIT (dBuA) LIMIT (uA)
200 51 355
400 42 126
600 36 63
800 32 40
1000 29 28

A.2.4 CEO6 - CONDUCTED EMISSIONS, ANTENNA TERMINALS, 10 kHz TO 3 GHz

This requirement limits spurious and harmonic signals at the antenna terminals.
Limits do not apply within +/- 5 percent of the carrier frequency.

Conducted emissions limits are:

1. Key-up or standby mode

Narrowband 34 dBuvV (-73 dBm in 50 ohms)

Broadband 40 dBuV/MHz (-67 dBm/MHz in 50 ohms)
2. Harmonics

2nd and 3rd -67 dBc

4th and up -80 dBc
3. Spurious Signals

All -100 dBc
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A.2.5 (SOl - CONDUCTED SUSCEPTABILITY, POWER LEADS, 30 Hz TO 50 kHz

Amplifier response to externally-applied signals on the power lines is
controlled by this requirement. The requirement states that the amplifier
shall not malfunction or exhibit degraded performance or deviate beyond
specified specified tolerances when energy is injected into the power leads

at levels up to the limits of Figure A.2-4, An additional limit on the

source energy is when the source, when set to dissipate 50 watts in 0.5 ohms
cannot develop the required voltage at the input terminals, that level becomes
the test limit.

A.2.6 (CSO2 - CONDUCTED SUSCEPTABILITY, POWER LEADS, 50 kHz TO 400 MHz

As with CS01, the equipment shall not malfunction, etc. when the amplifier
power input terminals are subjected to a 1-volt signal from a 50-ohm source
into a 50-ohm load with a l-watt source limit into the 50-ohm load.

A.2.7 CSO06 - CONDUCTED SUSCEPTABILITY, SPIKES, POWER LEADS

As with CSO01, the DC power leads are subjected to an external spike and the
equipment shall not malfunction, etc. The external signal for this
requirement is a spike as defined in Figure A.2-5, with E1 equal to 100 volts
and tl less than or equal to 10 microseconds.

A.2.8 REO2 - RADIATED EMISSIONS, ELECTRIC FIELD, 14 kHz TO 10 GHz

This requirement relates to radiated narrowband and broadband electric field
emissions from the amplifier case.

Narrowband requirements are shown in Figure A.2-6 and apply at the fundamental
and all spurious and harmonic frequencies. Above 30 MHz, both horizontally
and vertically polarized waves are limited.

Broadband requirements are shown in Figure A.2-7 and include radiated switching
transients resulting from automatic cycling of electronic or electrical
switching circuitry, keying of transmitters, or manual switching.

A.2.9 RSO3 - RADIATED SUSCEPTABILITY, ELECTRIC FIELD, 14 kHz TO 10 GHz

The amplifier shall not malfunction, exhibit degraded performance, or deviate
beyond specified tolerances when subjected to radiated electric fields (both
vertical and horzontal polarization above 30 MHz) less than or equal to the
following levels:

FREQUENCY RANGE “E" FIELD MODULATION CHARACTERISTICS
(Hz) (v/m)
10k - 2M 1 AM, 50%, 1 kHz Tone
2M- 30M 5 AM, 50%, 1 kHz Tone
30M- 76 M 10 FM, 8 kHz Dev., 1 kHz Tone
76 M - 400 M 10 AM, 50%, 1 kHz Tone
00M- 26 10 Pulse, 0.1 microsecond, 400 PPS
2G- 106G 5 Pulse, 0.1 microsecond, 400 PPS
88
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APPENDIX A.3
MIL-STD-1275A SUMMARY

A.3.1 INTRODUCTION

The characteristics of 28-volt military vehicle power supplies as described
in MIL-STD-1275A (AT) and modified by the VHF amplifier specification are
summarized below.

A.3.2 POWER SOURCE CHARACTERISTICS

Three "commonly-occurring” conditions exist: Fault-free including (1) Combined
enerator-battery supply or (2) Battery-only supply, and Single-fault including
3) Generator-only supply. An uncommon event is a multiple-fault condition

where both the battery and generator regulator fail. Limits for the supply

under these conditions are listed below.

GENERATOR BATTERY SINGLE  MULTIPLE

BATTERY ONLY FAULT FAULT
Steady-State Voltage1 (v)
Max 30 27 33 100
Min 25 20 0 0
Ripple (Figure A.3-1)
Peak Voltage (+ and -) (V) 2 2 2 -
Frequency Range (Hz) 50-200 k 50-200 k 50-200 k
Surges
Voltage (V)
Max 40 100 100 -
Min 18 15 15 -
Impedance (mohms) 20 500 500 -
Figure No. A.3-2 A.3-3 A.3-3 -
Spikes
Peak Voltage (+ and -) (V) 250 250 250 -
Figure No. A.3-4 A.3-4 A.3-5 -
Starting Disturbances
Initial Engagement
Min. Voltage (V) 6 6 - -
Max. Time (Sec.) 1 1 - -
Cranking Level
Min. Voltage (V) 16 16 - -
Max. Time (Sec.) 30 30 - -

1. Equipment-specified operating voltage limits are 22-32 VDC,
27.5 VDC nominal.
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APPENDIX A.4
RELIABILITY DERATING GUIDELINES
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